This paper presents a study that extends on previous empirical research, which examined the role of enabling "climate for innovation" constructs in determining the level of innovation diffusion outcomes, and subsequent business performance in architectural and engineering design (AED) firms. Whilst this previous study elucidated the relationships between broad theoretical constructs, the present study was focused on targeting the significant enabling factor interrelationships with the core outcomes that result from the innovation diffusion process. To achieve this objective, a sequential mixed-method research design combining quantitative and qualitative analysis techniques was employed. The quantitative techniques included a correlation analysis to identify the strong factor relationships, followed by Structural Equation Modelling (SEM) to determine the critical pathways for enhancing innovation diffusion and ultimately heightened levels of client satisfaction. Following path model extraction, qualitative interviews with five Australian AED firms were conducted. The interview findings confirmed the uncovered significant pathways, and provided in-depth insights into how the improvement of critical enabling factors could leverage improved innovation diffusion outcomes and business performance.
Introduction
It is widely accepted that innovation plays an important role in determining the competitiveness among firms operating in the construction industry. Specifically, as design is a critical element in construction, innovation is highly vital in the architectural and engineering design (AED) sector where firms are more likely to remain competitive if they are continually successful at developing and/or implementing innovation. To achieve this, it is imperative that firms be able to understand how innovation can be effectively diffused. According to Rogers [1] , diffusion is a process in which an innovation is communicated among members of a social system over time. Innovation itself has also been regarded as a product of complex social interactions among members of a social system [2, 3] , within which the generation and/or implementation of such innovation create a social change [4] . As such, successful innovation and its diffusion process have been viewed as dependent chiefly upon socio-psychological processes embedded in the social system [5, 6] . In particular, there has been a growing research interest in the "climate for innovation", a manifestation of socio-psychological phenomena that acts as a critical determinant of people"s motivation and behaviour, driving the diffusion process [3, [7] [8] [9] .
Within the construction and built environment research arena, the study of innovation has been perceived as being at the nascent stage [10] . Although many research studies conducted in the past have provided a great deal of knowledge regarding the critical factors and variables that influence the level of innovation within construction organisations, there has been a call for more studies from a social perspective to provide more practical ways of managing, and learning how to manage, innovation within this particular context [11, 12] . In response to this, several research studies have been attempted to investigate the extent to which such socio-psychological factors as organisational culture, leadership, etc. influence the implementation and diffusion of innovation. For example, a study of technology adoption decisions with eight construction organisations by Mitropoulos and Tatum [13] highlights a number of factors affecting the adoption of innovation, including: how the company"s culture values innovation; management"s attitudes towards new technology; the ability of management to identify opportunities to improve existing practices; the budget available; and the support by management. In Stewart et al."s [14] study of information technology (IT) implementation in the Australian construction industry, six organisational barriers to IT innovation were identified: limited resources; lack of perceived return on investment on IT expenditure; lack of organisational strategic planning; reluctance by management to invest in innovation; conservative business practices; and resistance to change by staff. Similarly, Peansupap and Walker [15] , in their recent study of IT diffusion and adoption within Australian construction organisations, revealed a number of diffusion factors, such as supportive individual/personal characteristics, open discussion environment, and supervisor and organisational support. None of these studies, however, focus on an empirical investigation of the cause-and-effect relationships between climate for innovation and levels of innovation diffusion outcomes within the AED firm context.
To overcome this existing research gap and to advance current knowledge on innovation, the authors recently carried out a study that identified the key socio-psychological constructs underlying the climate for innovation, and revealed through an empirical model, how these constructs impact upon innovation diffusion outcomes and business performance in AED firms [16] . In an effort to achieve greater knowledge on the significant factor links of the developed model, the current paper presents an extended, more in-depth, study aiming to determine the most critical factors within each climate construct, and to investigate how these factors leverage specific innovation-related outcomes. The paper is structured as follows. In the next section, the empirical model developed in the prior study is briefly introduced and discussed. The research method and analytical techniques undertaken in the current study are then described, and the results presented. The final sections provide the discussion and conclusion of the study findings, and recommend possible future research directions.
Research model
In an attempt to provide a better understanding of the innovation diffusion phenomena from a social perspective, a study was recently conducted by the authors to empirically investigate the impact of the socio-psychological process of innovation diffusion on business performance within the AED firm context [16] . The study was carried out through an assessment of a conceptual model developed from an extensive literature review. As the traditional Diffusion of Innovation (DOI) Theory [1] does not entirely capture the relationships among different levels of social systems and key players within an organisation, other well-established theories relevant to team climate, leadership and organisational culture, were examined and integrated to better address the diffusion process [17, 18] . This yielded the conceptual model which consisted of three "climate for innovation" constructs, namely, leadership for innovation (LFI), team climate for innovation (TCI), and organisational culture for innovation (OCI), along with two outcome-orientated constructs addressing innovation diffusion outcomes (IDO) and business performance (BPM). The study employed a quantitative research approach which involved conducting a series of multivariate statistical analyses, including Exploratory Factor Analysis (EFA) and Structural Equation Modelling (SEM), based on the data obtained from a questionnaire survey of 181 design professionals representing 57 Australian AED firms. This group of survey respondents accounts for 34.8 percent of 520 design professionals from 300 AED firms, randomly drawn from the Dun and Bradstreet"s Australian Business Who is Who Database. EFA using principal component analysis with VARIMAX orthogonal rotation method was undertaken to identify the factors representing each model construct (factor structures). SEM was then performed to assess and refine the conceptual model. Fig. 1 illustrates the final empirical model derived from these analyses. Presented in the model are the causal relationships between the five model constructs derived from the SEM analysis, and the EFA-extracted factors representing each of the constructs (15 factors in total). Further details of these 15 model factors are presented in Table 1 . Readers are referred to Panuwatwanich et al. [16] for the complete details of model development and assessment. Finally, the BPM construct was found to be strongly influenced by the IDO construct (0.77, p < 0.001).
Overall, the model implies that an increase in the level of leadership for innovation will lead to an improved level of both team climate and organisational culture for innovation. Moreover, an improvement in the organisational culture for innovation will, in turn, result in an increased level of innovation diffusion outcomes. Finally, with improved outcomes from the innovation diffusion process, the firm"s business performance can be enhanced. The model also highlights the importance of developing conducive leadership for innovation in AED firms, as all the pathways that lead to improved innovation diffusion outcomes and business performance emerged from the LFI construct.
Evidently, the empirical model revealed valuable insights into the causal relationships between the key climate constructs, and proffered a number of strategic implications for AED firms seeking to enhance their business performance through innovation. However, the model has a limitation in that all factors were treated as indicators representing latent constructs. In other words, the model portrays only relationships between broad organisational perspectives (model constructs), thus offering no information as to which specific activities (model factors) should receive higher priority, in terms of improvement and monitoring, to achieve improved outcomes. In order to enhance the explanatory power of the model, a further study was required to evaluate the interrelationships between the existing constructs at the factor level and, ultimately, to develop and confirm pathways that explain the relationships among critical factors underpinning the empirical model.
Research method
To achieve the above-mentioned objective, the present study employed both quantitative and qualitative research approaches. Such a hybrid research design has been strongly encouraged in construction management research [19, 20] . The quantitative approach utilises a series of statistical techniques including correlation and path analyses, which were performed on the data gathered from the questionnaire survey of Australian design professionals (n = 181) conducted during 2007 as part of the prior study. The previously developed empirical model presented above (Fig. 1 ) was treated as a research model for the present study. Specifically, the associations between the factors within the independent and dependent constructs of the model were examined using correlation analysis to unearth the strong and statistically significant relationships. Factors associated with the identified relationships were then isolated and modelled using path analysis to ascertain their potential causal relationships, as suggested in the research model. The constructed path model was then assessed and refined using the SEM technique to produce a final model that portrayed the confirmed causal relationships between such factors.
Following the quantitative analysis, a qualitative study was conducted to ascertain the wider applicability of the path model. This strategy was grounded in the sequential mixed-method research design, whereby a quantitative study was conducted first, and the results obtained were then explained using a qualitative research method [21] . For the purpose of this study, semi-structured interviews were undertaken to provide better insights into the phenomenon under investigation. In summary, the research method undertaken in this study consisted of three sequential stages: (1) correlation analysis; (2) path analysis; and (3) interviews with design professionals. Further details for each of these analysis stages are presented in the following sections, along with their associated results.
Quantitative analysis and results

Correlation analysis
Given that causal relationships between the constructs were previously identified and confirmed in the research model presented above ( Fig. 1 ), Pearson"s correlation analysis was performed to identify the strong and statistically significant relationships between the factors within the independent and dependent constructs. In doing so, a correlation matrix was first generated for the entire set of factors using SPSS version 15.0. The matrix was then examined to uncover statistically significant correlations (p < 0.05) between factors within the relevant constructs portrayed in the research model. It should be noted that a one-tailed test was used, to provide a stricter measure for establishing statistical significance of correlation coefficients, since the direction of the relationships between the factors were already determined a priori as demonstrated by causal links between the constructs established in the research model. To identify the strong relationships, the strength of these significant correlations was then assessed. To achieve this, the current analysis employed Cohen"s [22] effect size classification for correlation coefficients to serve as the criteria upon which to judge the strength of associations between the factors. These classifications are: small (0.10 -0.29); medium (0.30 -0.49); and large ( 0.50). On this basis, only the correlation coefficients greater than or close to 0.50 (i.e. large effect size) were considered to represent "strong" relationships between the factors. Accordingly, the factors corresponding with these relationships were regarded as "critical" and were thus included in the subsequent path analysis. Table 2 shows a matrix containing Pearson"s correlation coefficients, which represent the associations between the independent and dependent factors that correspond with the causal relationships between the constructs depicted in the research model ( Fig. 1 ). In total, 10 factors associated with large correlation coefficients were identified, as highlighted in the table. These include:
All three factors from the LFI construct, namely, innovation championing (LFI1), creativity stimulation and inspiration (LFI2), and engagement and support (LFI3);
Two factors from the TCI construct, namely, participative safety (TCI2) and support for innovation (TCI4);
Two factors from the OCI construct, namely, propensity for creativity (OCI1) and innovation support and facilitation (OCI3);
Two factors from the IDO construct, namely, innovative design solutions (IDO1) and innovative design practices (IDO2); and One factor from the BPM construct being client satisfaction (BPM2).
Indeed, the above factors were deemed critical as they represent a strongly interrelated set of attributes that underpin the relationships between the constructs in the research model. In order to ascertain the relationships between these factors in a cause-and-effect manner, statistical modelling using the path analysis technique was conducted. The details and results of this analysis are presented in the following section.
======================== INSERT TABLE 2 ========================
Path analysis
Following the correlation analysis, path analysis was performed to assess and refine causal relationships between the critical factors identified in the preceding section. The expected outcome of this analysis was a path model that portrays a more definitive process for enhancing innovation diffusion and business performance, in addition to the broad mechanism shown in the research model. Generally, path analysis can be carried out using either multiple regression or SEM techniques [23] . SEM has an advantage over regression since it provides a method for dealing with multiple relationships simultaneously and permits the use of non-experimental data for the examination of causal relationships [24] . The analysis began by specifying the initial path model based on the identified 10 highly correlated factors and the relationships shown in the research model. The fit between this initial path model and the survey data was then assessed based on five model fit indices, namely: normed chi-square ( 2 /df); goodness-of-fit index (GFI);
comparative-fit index (CFI); incremental-fit index (IFI); and root mean square error of approximation (RMSEA). To be considered as having a good model fit, all the indices were measured against the following criteria: 2 /df < 3.00; GFI, CFI, and IFI > 0.90; and RMSEA < 0.08 [25] . The assessment was carried out using the AMOS 7.0 program utilising the maximum likelihood method for parameter estimation. The initial results indicated that the path model did not fit the data well. To improve the model fit, a refinement procedure was carried out, which mainly involved removing non-significant paths (i.e. pvalue greater than 0.05) from the model. This led to the elimination of TCI2 since all of the links associated with this factor were not significant. The refinement process yielded the final path model ( being greater than or close to 0.30 [26] . Therefore, these links were highlighted to form critical paths, which serve as a focal point for the model interpretation. Firstly, these paths suggest that an increase in the level of leaders" creativity stimulation and inspiration (LFI2) will improve the level of support for innovation in teams (TCI4) as indicated by its standardised path coefficient (0.34, p < 0.01). Teams with a high level of innovation support will then contribute significantly to an increase in both the level of a firm"s propensity for creativity (OCI1: 0.39, p < 0.001) and the level of innovation support and facilitation provided by the firm (OCI3: 0.37, p < 0.001). Subsequently, achieving a higher level of propensity for creativity will lead to an improved level of innovative design solutions (IDO1: 0.50, p < 0.001), whereas the increased level of a firm"s support and facilitation will contribute to better innovative design practices (IDO2: 0.40, p < 0.001). Together, both of these innovation diffusion outcome orientated factors will ultimately lead to enhanced business performance in terms of an improved level of client satisfaction (BPM2), with IDO2 (0.34, p < 0.001) having a slightly greater influence than IDO1 (0.28, p < 0.001). In order to assess the degree of relevance of the path model under real-work settings, and to gain deeper insights into the relationships within the model, qualitative interviews were conducted. The key outcomes of the interview and associated discussion on how they support, or otherwise, the path model is presented in the following section.
Qualitative analysis and results
During the first quarter of 2008, interviews were conducted with design professionals employed by Australian AED firms. Specifically, semi-structured interviews were used to maximise the flexibility of the interview, and to allow it to be tailored to suit the individual [27] . Face-to-face interviews were chosen to provide the opportunity for clarifying ambiguous questions, as well as to observe the actual environment of the firm being studied. During each interview session, an interview guide was used to maintain the direction of the conversation and the relevant lines of enquiry whilst probing into the issues of interest. For the purpose of time and cost efficiency, the sampling frame was constrained to firms that had offices in the cities of Brisbane or the Gold Coast, Australia, which the authors were based. The sample drawn from this domain was considered adequate since these two cities were major AED markets in Australia, in which various local, national and international AED firms operate. Based on a convenient sampling technique, 15 firms were contacted for interviews. Of these, five firms agreed to participate in this part of the study, representing a 33.3 percent response rate. In total, 19 design professionals, comprising five managerial (26.3%), six senior (31.6%) and eight junior (42.1%) staff members from these firms were interviewed. To maintain their anonymity, personal details of the interviewees are not presented, and the five firms are referred to as firms A, B, C, D and E. The profiles of the interview participants are summarised in Table 3.   ===================== INSERT TABLE 3 ==================== Overall, the interview participants comprised a good mix of design professions employed by firms of different types. As Table 3 
Path relationship 1
Essentially, leaders can inspire and stimulate creativities among team members by encouraging and challenging them to develop their own ideas, and show recognition and appreciation for their creativity. 
.Design is very much a group effort. This is why we always try to encourage them to think and to make sure that everyone in the team contributes. Getting them to work together and to share ideas is very important in developing good design." Responses from
the interviews also provided an indication that the way in which leaders encourage and openly welcome ideas from team members may be associated with the perception of "trust" that leaders placed in their teams. Such trust creates a "circle of respect" which plays a significant role in motivating members to support each other in developing innovative ideas.
Path relationship 2
The path model indicated that the level of support for innovation in teams (TCI4 → OCI1 and TCI4 → OCI3) has a positive influence on the propensity for creativity (i.e. flexible, risk-oriented, collaborative environment) and innovation support and facilitation (i.e. provide enough resources, training, etc.). In support of these links, the interviewed engineers from firm A believed that the current creative, "think beyond the square", culture of their firm is essentially reliant upon its innovative people and the way they collaborate. One of the junior engineers described: "..
.We have a lot of brilliant people who are very open-minded and are willing to help each other. I think that this is the key to our innovative culture."
This relationship is further elaborated by an opinion from one of the interviewees from firm C who perceived that an innovation-conducive culture must be "inclusive" because creating innovative design requires a high level of collaboration. He reasoned that if communication channels become more "hierarchical", the quality of the supportive relationships underpinning the process of idea generation and development among teams will deteriorate. This will, in turn, adversely affect the culture of the firm as a whole. To achieve such an inclusive culture, he further emphasised that leaders must constantly encourage people to think about and contribute new ideas. This comment further supports the findings discussed in the preceding section. Additionally, a comment from the senior engineer from firm A confirmed the relationship between the climate for innovation in teams and the level of innovation support provided by the firm; as he briefly explained: "
…If they [team members] show their enthusiasm and willingness to learn new things, our firm will usually provide full support to them." The support
provided by the firm was said to be in the form of training and development programs (either internal or external), free time for employees to research new ideas, to name a few. Evidently, it can be inferred that the more strongly the team demonstrates the potential to innovate, the higher the level of support provided by the firm.
Path relationship 3
Outcomes of innovation diffusion are a direct result of either bottom-up or top-down diffusion mechanisms [29] . The former generally represents the generation of innovative ideas, solutions or products whereas the latter refers to the adoption of new ideas, technologies or methods. As a result, an effective bottom-up diffusion process should yield innovative design solutions, and a successful top-down diffusion mechanism should result in innovative design practices. The path model clearly indicated two critical links for further investigation in the interviews: a firm"s propensity for creativity can determine the degree of innovativeness of the design solutions (OCI1 IDO1); and the level of a firm"s innovation support and facilitation has an influence on the utilisation of innovative design practices (OCI3 IDO2).
The former was supported by most of the interviewees, particularly those from firm A and E, who believed that by having a culture that is suitable for creativity (i.e. flexible, adaptive, highly collaborative and risk-oriented), their firms consistently deliver innovative design products because creative ideas generated by teams are likely to be seriously considered, adopted and finally translated into innovative outcomes. Similarly, the latter link was also corroborated as the interview participants strongly agreed that new design practices/concepts can be quickly adopted and diffused if the firm provides sufficient training and on-going technical support. In addition, the engineering manager from firm B realised the potential benefits of being innovative. He recently championed a management restructure, which he believed has helped transform the firm"s culture into one that is more flexible, supportive and more inclined to use innovative approaches in carrying out projects. With this improved culture, he believed that the firm is employing more innovative practices, and is likely to deliver better innovative outcomes.
Path relationship 4
Client satisfaction was found to be the critical business performance factor that results from effective innovation diffusion, in the context of the developed path model (IDO1 BPM2 and IDO2 BPM2).
According to one of the senior interviewees, achieving client satisfaction is imperative since the current and future business prospects of design (and other service-intensive) firms are highly dependent upon the extent to which clients are impressed with design solutions and how this translates into a profitable investment. To achieve a high level of client satisfaction, the path model suggested that high levels of innovative design solutions and innovative design practices must be achieved. The interviewed senior engineer from firm A provided a comment that supports these relationships. He emphasised that innovation has always been a core value of the firm because it provides a "competitive advantage" and makes the firm "unique". He further explained that most clients were impressed by the firm"s innovative approaches to design because they often helped to reduce long-term costs. He also admitted that sometimes innovative solutions incurred higher design fees, requiring the ability to persuade clients to look beyond the up-front costs in order to understand longer term benefits. Another interviewee confirmed this insight, by stating that the key is to conduct extensive research on best practice design approaches and ensure that clients are engaged in every step of the design project. This also involves the use of such innovative practices as value management and life cycle costing, which are essential in keeping clients informed so that they can discern the value that innovation adds to their project. Most of the other interviewees from the remaining firms also provided similar accounts that reinforce the above links.
Concluding remarks
This paper presents a study that sought to improve upon the current level of understanding on innovation diffusion within the AED firm context. Using an outcome from a prior empirical study as a research input, the present study employed a series of quantitative and qualitative analyses to pinpoint definitive pathways and practical strategies for deriving outcomes from innovation. Specifically, the findings resulting from the research approach presented herein revealed critical insights into the specific mechanisms for enhancing innovation diffusion outcomes and business performance in AED firms. These findings are summarised below.
Firstly, it was found that creativity stimulation and inspiration is a critical leadership trait that strongly influences the level of innovation support in teams. This can be achieved by actively encouraging and challenging team members to develop and contribute their ideas. In the transformational leadership theory"s term, such behaviour is known as "intellectual stimulation" [30, 31] . According to De Jong et. al.
[32], intellectual stimulation increases team members" awareness of problems and ignites rethinking of old ways of doing things. Under this situation, members are expected to make more suggestions and contributions. As a result, when creativity is encouraged and challenged, team members are more likely to contribute and collaborate in order to generate ideas. In addition, "trust" has also been found to be another factor that might fuel innovation support among team members. This additional finding is consistent with the results of a study completed by Podsakoff et al. [33] which concluded that transformational leadership approaches can lead to the development of trust, which can, in turn, improve the way team members collaborate and support one another. Overall, the finding underlies the key role of creativity-conducive leaders in improving the support for innovation among teams Secondly, the study found that the level of team support for innovation plays a vital role in determining a firm"s culture for innovation, which is indicated by the level of the firm"s propensity for creativity and the extent to which the firm supports and facilitates innovation efforts. This implies that if a firm has a critical mass of teams comprising members who actively support each other in developing innovative ideas, the firm"s culture tends to be shaped in such a way that it fits the teams" innovative behaviour. This is particularly true when considering that an organisation is a function of the people behaving within it [34] .
As such, this finding highlights the significance of creating innovation-supportive teams as they are a fundamental building block of a firm"s creative and supportive culture. This also confirms an important role that creative people play in shaping an organisation"s culture that favours innovation [7] .
Thirdly, the study revealed that a firm"s propensity for creativity will significantly contribute to the ability to deliver more innovative design solutions. Firms with proclivity for creativity tend to posses a culture in which there is a strong presence of flexibility, open collaboration, creativity encouragement and risk tolerance [8, 35] . Within such a culture, creative ideas are more likely to be conceived and transformed into innovative products. The finding also suggested that improving a firm"s innovation support and facilitation will enhance the level of innovative design practices. As innovative practices are usually in the form of top-down innovations being adopted within a firm, sufficient support such as training, technical assistance, etc. will significantly help facilitate the adoption and diffusion of such practices. For these reasons, to succeed in diffusing bottom-up and/or top-down innovations, firms should work hard to ensure that both cultural traits prevail.
Lastly, innovative design solutions and practices were found to be important determinants of client satisfaction, which is a critical indicator of business performance. The result implied that both innovative design solutions and practices must be jointly achieved in order to attain a high level of client satisfaction. This is essentially because the intrinsic value of most innovative design solutions cannot be easily perceived by the client; and AED firms thus require innovative design practices to help unveil the degree of value added. Once the value of innovation has been made explicit, the client will be able to appreciate the immense benefits that innovative design solutions can bring about. In this way, the client will be more likely to gain satisfaction from the design products and the quality of the service rendered by the firm.
Therefore, in order to enhance the business performance, it is suggested that AED firms should place an emphasis on keeping a high level of client satisfaction, which can be achieved through consistently delivering innovative design practices and solutions.
In summary, the findings and discussion presented in this research paper provide definitive strategic guidance for AED firms seeking to diagnose and improve their existing innovation capability which could, in turn, strengthen their business performance.
Future research
It is important to note that the innovation process philosophy (e.g. Rogers" DOI theory) which formed the basis of the research model was grounded in the "rational" school of thought, viewing innovation as a linear, multi-stage process. Despite having a dominant role in many innovation studies, it has been acknowledged that the rational approach does not fully capture the process of movement, interaction and feedback of knowledge and resource, which exist in the dynamic environment of an organisation [36] .
Therefore, future research should have the benefit of applying a system thinking approach, namely "system dynamic modelling", to re-examine the model developed in this study. By using this technique, the model would be able to better portray the process of interaction and feedback among the model factors, thus better addressing the real-time dynamics of innovation processes and organisational reality. BPM1: Economic growth Concerned with the firm"s level of growth in terms of turnover, profitability and market share.
BPM2: Client satisfaction Concerned with the extent to which clients are satisfied with the firm"s design solutions and services provided. Factors  LFI1  LFI2  LFI3  TCI1  TCI2  TCI3  TCI4  OCI1  OCI2  OCI3  IDO1  IDO2  IDO3  BPM1 
